the zygote created following fertilization contains four The molecular mechanisms controlling chromosome chromosomes, each of which segregates longitudinally transmission during both divisions have started to be during the first cleavage division of the embryo. These delineated. This review focuses on the four fundaand other observations paved the way for Eduard mental differences between mitotic and meiotic chroStrasburger, Oskar Hertwig, and August Weismann to mosome segregation that allow the ordered reduction recognize that the hereditary information must be conof chromosome number in meiosis: (1) reciprocal retained within the nuclei of the gametes, a conclusion combination and formation of chiasmata between addressed experimentally by Theodore Boveri in 1889. homologous chromosomes, (2) suppression of sister Boveri found that eggs of the sea urchin species kinetochore biorientation, (3) protection of centroSphaerechinus granularis, when fertilized with sperm meric cohesion, and (4) inhibition of DNA replication from the species Psammechinus microtuberculatos, debetween the two meiotic divisions.
, is not only possible, but might also actually occur quite frequently. Syntelic attachment is invariably elimibeing followed by two rounds of chromosome segregation with no intervening round of DNA replication. Fusion nated in normal cells. A failure to eliminate such events results in gain or loss of chromosomes and, hence, anof two gametes during sexual reproduction restores the diploid complement of chromosomes in the zygote that euploidy. A yet further complication is that kinetochores in most eukaryotes, the budding yeast Saccharomyces gives rise to a new individual (Figure 2 ). To understand how chromosomes are segregated during meiosis, cerevisiae being a notable exception, contain multiple microtubule attachment sites, and cells must avoid miwhich is the focus of this review, it is necessary to first understand the principles of chromosome segregation crotubules with opposing orientations from attaching to binding sites on the same chromatid, which is known during mitosis.
The term mitosis (derived from the Greek word , as merotelic attachment ( Figure 3B ). This situation hinders or prevents a chromatid's traction to one pole durmeaning "thread," which refers to the thread-like appearance of condensed chromosomes) was introduced ing anaphase, which can also lead to aneuploidy. It has, in fact, been suggested that merotelic attachment is by Walther Flemming in 1882, who made detailed observations of chromosomes during cell division in Salamanthe prime cause of aneuploidy in human primary tissue culture cells (Cimini et al., 2001). dra maculosa. During mitosis, one round of DNA replication is followed by a single round of chromosome
The conserved Ipl1/Aurora B kinase (Chan and connected. It has been clear since chromosomes were Aurora B kinase. This stage of mitosis is, therefore, similar to a "dance" in which the partners not only move first detected by early cytologists that sister chromatids remain associated until they are pulled toward opposite together, but also do so under a state of tension between them, similar to dancing a Viennese waltz or rock and poles at the onset of anaphase ( Figure 4A ). This association is known as sister chromatid cohesion. Cohesion roll. The role of tension in stabilizing kinetochore-microtubule attachments has, so far, only been investigated is strongest in the vicinity of centromeres, hence creating the chromosome's central constriction. Connecin meiotic cells, where the two dancing partners are not sister chromatids but homologous (maternal and tions, nevertheless, also exist along the entire interchromatid axis of each chromosome until sisters disjoin paternal) chromosomes held together by chiasmata (see below). By pulling on one homolog with a glass needle, fully and are pulled toward opposite poles of the cell. The degree of cohesion varies between organisms. In it is possible to stabilize its partner homolog's connection to microtubules (Ault and Nicklas, 1989), possibly yeast, most sister DNA sequences are so closely associated that they appear as a single spot by fluorescence by inactivating the Ipl1/Aurora B kinase. Cohesin's localization both spatially and temporally makes it a good candidate to be directly involved in meres because the mitotic cohesin Scc1/Rad21 is expressed and provides cohesion along arms (Watanabe arms for chromosome alignment during the first meiotic division, while using cohesion between sisters in the and Nurse, 1999). As in mitosis, meiotic cohesin can be loaded on chromosomes both before and after DNA vicinity of centromeres during the second division (Figure 6) . To make this possible, centromeric cohesion replication, but it only appears capable of building cohesion if present during replication. If meiosis is induced must be refractory to the process that destroys cohesion along arms and triggers the first meiotic division so that after mitotic DNA replication in fission yeast, the meiotic cohesin Rec8 is loaded onto chromosomes but is unable it can be used during the second division.
Unlike mitosis and the first meiotic division, the secto perform its function, recombination is defective, and the first meiotic division is mitotic in nature ( . An exchange at one site greatly reduces the probabilresolution of DHJs, which is essential both for disjunction of the maternal from the paternal chromosome as ity of exchanges being generated in its vicinity. This phenomenon is known as crossover interference well as for production of the exchanges that will hold them together until the onset of anaphase I. The enzy-(Muller, 1916). It is thought that the purpose of interference is to ensure that each bivalent produces at least mology of this step is poorly understood, as the enzyme responsible has not yet been identified. The geneticists' one exchange, irrespective of chromosome size. Though most organisms create several exchanges per failure to identify the resolvase could be explained by the fact that the same enzyme is involved during an chromosome, only one chiasma is actually needed to hold homologous chromosomes together. Some organearlier stage of the recombination process (e.g., Spo11). Resolution requires cleavage of a pair of strands at each isms, such as S. pombe, have such high rates of reciprocal recombination that there is no need for interference end of the junction and their reciprocal ligation ( Figure  7) . The cleavages can either be horizontal or vertical.
(Bahler et al., 1993), whereas others such as C. elegans restrict the number of exchanges per chromosome to Crucially, reciprocal exchanges (crossovers) are only generated when one junction is resolved horizontally one (Barnes et al., 1995). Interference in this case is so extreme that a single exchange inhibits the formation and the other vertically. Such asymmetric resolution seems to be another specialty of meiotic cells, and how of a second exchange on the same chromosome. Interference is thought not to arise due to the inhibition it is achieved remains elusive. It seems that most DHJs are resolved in this manner and, therefore, give rise to of DSB formation but, instead, from a reduction in the probability of a break being converted into a DHJ and reciprocal exchanges (Allers and Lichten, 2001b).
The consequences of defects in recombination illuscrossover. What, then, happens to breaks that are not converted to DHJs? It is thought that the one end of the trate the fundamental importance of chiasmata for chromosome segregation during meiosis I. If the Spo11 en-DSB, which invades a homologous non-sister chromatid, is extended by repair synthesis, but the second end donuclease is inactivated in S. cerevisiae and C. elegans 
